Testicular teratoma typically consists of heterogeneous mixtures of diverse epithelial and stromal components. The biological nature and genetic characteristics of the fibrous stroma of testicular teratomas have not been thoroughly investigated. Chromosome 12p abnormalities are the hallmark genetic alterations of germ cell tumors. We studied chromosome 12p abnormalities in the fibrous stroma and other components of pure testicular teratomas from 32 patients using interphase fluorescence in situ hybridization. Overall, 72% (23/32) of pure testicular teratomas had chromosome 12p abnormalities. Isochromosome 12p or 12p overrepresentation independent of isochromosome 12p was detected in the fibrous stroma in 53% (17/32) and 41% (13/32) of cases, respectively. Among the 17 cases positive for isochromosome 12p, 8 (47%) also had 12p overrepresentation. In 31% (10/32) cases, the fibrous stroma showed neither 12p overrepresentation nor isochromosome 12p. Isochromosome 12p and 12p overrepresentation were identified, respectively, in the gastrointestinal-type epithelium of 14/23 (61%) and 15/23 (65%) cases; in the respiratory-type epithelium of 41% (7/17) and 41% (7/17) cases; in the squamous epithelium of 62% (8/13) and 54% (7/13) cases; and in the cartilage of 63% (5/8) and 38% (3/8) cases. Concordant chromosomal 12p abnormalities were observed between the fibrous stroma and epithelial elements of testicular teratomas. Our results indicate that the fibrous stroma of testicular teratomas frequently has genetic abnormalities similar to those of the epithelial components. Concordant chromosome 12p alterations between the fibrous stroma and epithelial elements provide further evidence that both epithelial and fibrous components of teratoma are derived from a common progenitor.
Teratomas are histologically diverse neoplasms that usually contain tissues from at least two or, more often, three germ layers (ectoderm, endoderm, and mesoderm). Testicular teratomas are present in both prepubertal and postpubertal males, but the prognosis and behavior differ greatly between these two groups. 1 In children, teratomas most often occur before the age of 4 years, are generally pure (not associated with other germ cell tumor elements), and behave in a benign fashion. In postpubertal patients, teratomas are uncommon as pure tumors, making up o5% of germ cell tumors. However, teratoma is quite common as one component of a mixed germ cell tumor. Pure testicular teratomas in adults are regarded as malignant. They are thought to derive from the same malignant germ cells that give rise to other germ cell tumor components, possibly by transformation of such components. [2] [3] [4] Primary testicular teratomas may be associated with metastases of either teratomatous or other germ cell tumor types.
Abnormalities of chromosome 12p occur early in the evolution of testicular germ cell tumors, and there is evidence that 12p overrepresentation is required for invasive behavior. [5] [6] [7] [8] Even in isochromosome 12p
(i(12p))-negative germ cell tumors, an overrepresentation of 12p sequences can be demonstrated by interphase fluorescence in situ hybridization (FISH). 5, [9] [10] [11] [12] [13] [14] [15] [16] Thus, chromosome 12p alterations are clinically relevant markers for tumors of germ cell origin. Multiple molecular and genetic studies show that testicular teratomas share the same chromosome 12p abnormalities that are observed in all histological subtypes of the vast majority of testicular germ cell tumors. 5 However, the genetic makeup of the stromal cells of teratomas has not been investigated sufficiently to determine whether these are reactive or integral to the neoplasm. In this study, we investigated chromosome 12p abnormalities, either i(12p) or 12p overrepresentation, in the fibrous stroma and other histological components in 32 pure testicular teratomas using interphase FISH.
Materials and methods
Thirty-two cases of postpubertal pure testicular teratoma were retrieved from the surgical pathology files of Indiana University Health hospitals. FISH testing was performed as previously described.
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Sections 4-mm-thick were prepared from buffered formalin-fixed, paraffin-embedded tissue blocks. The slides were deparaffinized with two 15-minute washes of xylene, and were subsequently washed twice with absolute ethanol, 10 min each. The slides were then air-dried in a fume hood. Next, the slides were treated in 0.1 mM citric acid (pH 6.0; Zymed, Carlsbad, CA) at 951C for 10 min, rinsed in distilled water for 3 min, and washed with 2 Â SSC (standard saline citrate) for 5 min. Digestion of the tissue was performed by applying 0.4 ml of pepsin (5 mg/ml in 0.01 N HCl in 0.9% NaCl) (Sigma, St Louis, MO) at 371C for 40 min. The slides were rinsed with distilled water for 3 min, washed again with 2 Â SSC for 5 min, and air-dried.
Dual color FISH was performed by using a mixture of Spectrum Orange labeled centromeric a satellite DNA probe (CEP12) and Green labeled RP11-267D19 5-Fluorescein (12p11.21) DNA probes for chromosome 12p. CEP12 probe was from Vysis (Vysis, Downers Grove, IL) and chromosome 12p probe was from Empire Genomic (Empire Genomic, Buffalo, NY). The probes were diluted with tDenHyb2 (Insitus, Albuquerque, NM) in a ratio of 1:50. In all, 5 ml of diluted probes were added to the slide in reduced light; the slides were covered with a 22 Â 22 mm coverslip and sealed with rubber cement. Denaturation was achieved by incubating the slides at 751C for 10 min in a humidified box, and then the slides were hybridized at 371C overnight.
The coverslips were removed and the slides were washed extensively twice with 451C prewarmed 0.1 Â SSC/1.5 M urea, 20 min for each, followed by a wash with 2 Â SSC for 20 min and with 2 Â SSC/ 0.1%NP40 for 10 min at 451C. The slides were further washed with room temperature 2 Â SSC for 5 min. The slides were air-dried and counterstained with 10 ml DAPI (Insitus, Albuquerque, NM). The slides were covered and sealed with nail polish. The slides were examined using a Zeiss Axioplan 2 microscope (Ziess, Gö ettingen, Germany) with the following filters: SP-100 DAPI, FITC MF-101 for Green (12p11) and Gold 31003 for Spectrum Orange (CEP12) from Chroma (Chroma, Brattleboro, VT, USA).
The images were acquired with a CCD camera and analyzed with MetaSystem Isis software (MetaSystem, Belmont, MA). Five sequential focus stacks with 0.3 um intervals were acquired and then integrated into a single image in order to reduce thickness-related artifacts. From each tumor section, 100 nuclei were scored for signals from CEP12 (red) and 12p11 (green) under the fluorescence microscope with Â 1000 magnification, and the ratio between green and red signals was subsequently calculated. We analyzed the spatial distribution of the green and red signals to detect the specific patterns of signal aggregation consistent with i(12p), as previously reported. [10] [11] [12] [13] [14] [15] [16] [17] The quantitative criteria to determine 12p overrepresentation were described previously. [10] [11] [12] [13] [14] [15] [16] [17] Classical seminoma specimens with known positive i(12p) and 12p overrepresentation was used as a positive control for FISH analyses. In addition, we analyzed six cases of skin punch biopsies from patients without a history of germ cell tumors. None showed i(12p) or 12p overrepresentation. Correlation of patients' age and chromosome 12p alterations was tested by the Pearson correlation coefficient test.
Results
Thirty-two cases of pure adult testicular teratoma were investigated for i(12p) and 12p overrepresentation. The ages of the patients ranged from 20-53 years (mean, 33 years) at the time of the diagnosis. The pathological stage was pT1 for all cases.
The fibrous stroma in 22 of 32 (69%) teratomas showed chromosome 12p anomalies (Figures 1-3 , Table 1 ). In all, 17 (53%) showed positive i(12p) and 13 (41%) showed 12p overrepresentation independent of i(12p); 10 (31%) did not have any chromosome 12 alterations. The gastrointestinal epithelium of 18 of 23 (78%) cases had chromosome 12 abnormalities; 14 (61%) showed i(12p), while 15 (65%) showed 12p overrepresentation. The respiratory epithelium of 10 of 17 (59%) cases had chromosome 12 anomalies; i(12p) was detected in 7 (41%) cases and 12p overrepresentation in 7 (41%) cases. Squamous epithelium was present in 13 cases. Chromosomal anomalies were detected in squamous epithelium in 9 of 13 (69%) cases; 8 (62%) with i(12p) and 7 (54%) with 12p overrepresentation. Also, 5 of 8 (63%) cases that contained cartilaginous tissue showed i(12p) in the Pure testicular teratoma L Cheng et al cartilage, while 3 (38%) showed 12p overrepresentation in the cartilage; 2 cases showed disomy in the cartilaginous component.
Overall, among 32 pure teratomas, chromosome 12p abnormalities (i(12p), 12p overrepresentation, or both) were detected in 69% of fibrous stroma, 78% of gastrointestinal epithelium, 59% of respiratory epithelium, 69% of squamous epithelium, and 75% of cartilaginous components; chromosome 12p abnormalities were detectable in 72% of cases. No correlation was found between patient age and chromosome 12 alterations. 
Discussion
Testicular teratomas in adult patients are histologically diverse tumors that frequently contain tissues from three germ layers. In this study, we investigated i(12p) and chromosome 12p overrepresentation in the fibrous stroma and other histological components of 32 pure testicular teratomas using interphase FISH. Our results indicate that the fibrous stroma in testicular teratomas frequently Most of the published studies on teratoma stromal cells have been performed on metastatic lesions and utilized loss of heterozygosity analysis and FISH to detect chromosome 12p alterations. 3, 18, 19 In our previous study, we found that among the 25 patients with metastatic testicular teratoma, loss of heterozygosity was seen in 22 (92%) of the teratoma specimens and in 16 (64%) of the proximate stroma. 19 Of these 16 cases, 8 had an identical pattern of allelic loss in the epithelial cells and in the proximate stroma at all 9 DNA loci studied. The remaining eight cases showed similar allelic loss in at least 1 of the 9 DNA loci analyzed. The results indicated that the stromal cells proximate to metastatic teratomas in postchemotherapy lymph node specimens have genetic abnormalities similar to those of the metastatic epithelial teratoma components. The concordant genetic alterations observed 53  41  61  65  41  41  62  54  63  38  S u m %  6 9  7 8  5 9  6 9  7 5 +, positive; À, negative; i(12p), isochromosome 12p; 12p Ov, chromosome 12p overrepresentation.
Pure testicular teratoma in teratoma and stroma support that they both are derived from the same element of the original germ cell tumor or the same progenitor cell. The concept of teratomatous stroma was confirmed by another study from our group in which the chromosome 12p anomalies were found in 9 of 27 (33%) retroperitoneal residual fibrous masses after chemotherapy. 18 Our data support the concept that the fibrous stroma of testicular teratomas is one of the malignant teratoma components and that it, like the other teratoma components, has malignant potential.
Stroma may have a more active and important role in tumor biology than previously understood. 20, 21 Recent advances in cancer research have highlighted the critical role of the cancer-stroma interaction in the regulation of invasive processes. 20, [22] [23] [24] [25] [26] [27] [28] Tumor stroma provides growth factors, lytic enzymes, cytokines, angiogenesis modulators, and produces factors promoting tumor growth and the systemic effects of tumors. The concept of tumor stroma has been explored in various human cancers. 20, [22] [23] [24] [25] [26] [27] [28] [29] It has been suggested that the stroma adjacent to breast carcinoma cells may have a role in inducing neoplastic transformation in adjacent epithelial cells. [30] [31] [32] [33] Our study, however, supports a more direct role of tumor stroma in the highly specialized situation of testicular teratoma than in other types of tumor; teratoma stroma itself is neoplastic. Subsequent genetic alterations of this fibrous component could lead to the clinical manifestation of a sarcoma secondarily arising from a more differentiated germ cell tumor element. It is well established that testicular teratoma patients occasionally develop secondary high-grade mesenchymal malignancies, presumably derived from the stroma. 18, [34] [35] [36] [37] In a series by Motzer et al, 35 63% of teratomas that developed a malignant component had a sarcoma. In the study of El Mesbahi et al, 36 sarcoma was the most frequent tumor type among 14 teratoma patients with 'malignant transformation.' In the study of metastatic testicular teratomas reported by Brandli et al, 19 the genetic changes of the teratoma and adjacent stroma were concordant, suggesting that the teratoma and stroma derived from the same original germ cell element or tumor progenitor cells. Similar observations were also made in other previous studies. 4, 38, 39 Epithelial-mesenchymal transition may also be an important mechanism in the natural history of germ cell tumors and malignant transformation of teratoma. 18, 35, [40] [41] [42] An earlier study suggests that exposure to platinum-based agents may induce cancer cells to exhibit a mesenchymal phenotype. 43 It has also been suggested that malignant transformation of the stroma may be either through the transformation of differentiated elements or through progression of totipotential germ cells in the teratoma. 1, 18, 35, 44, 45 All of these clinical and laboratory observations support that the stroma of testicular teratomas of men is not simply composed of coexisting accessory cells but that it is an integral neoplastic teratoma component.
In conclusion, our results indicate that the fibrous stroma of testicular teratomas frequently has the same genetic abnormalities as those of the usual teratomatous components. This provides evidence that the fibrous stroma is a malignant component of the tumor and that it is derived from the same common progenitor as the other teratoma components.
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